ABSTRACT. We investigated the roles of autoantibodies to different Ro60 epitopes in lymphopenia in systemic lupus erythematosus (SLE) and primary Sjögren's syndrome (pSS). We recruited 16 patients with SLE, 14 with pSS, and 10 healthy controls; all were female. Patients had active disease, had not received glucocorticoid or immunosuppressants for at least 3 months, and had positive laboratory tests for autoantibodies against Ro60. Patient peripheral blood lymphocyte (LC) counts were < 1 x 10 9 /L: (0.66 ± 0.12) x 10 9 /L and (0.70 ± 0.16) x 10 9 /L for SLE and pSS groups, respectively (P = 0.511). LCs from each group were cultured in vitro with each of the three immunotoxins (ITs) (AE1-3), which specifically combine with one of the three epitopes (aa482-493, aa310-323, and aa230-241, respectively) on Ro60. The cytotoxicity of each IT to the cultured LCs was measured by the MTT colorimetric method. The relationships between IT cytotoxicity and LC counts were analyzed, and autoantibodies against the three epitopes in patient peripheral blood were detected. All ITs showed cytotoxicity to control LCs; however, AE3 and AE2 showed greater toxicity to LCs from SLE and pSS groups, (2015) respectively, and the enhanced cytotoxicity was significantly associated with the respective LC counts (r = 0.653, P = 0.06; r = 0.594, P = 0.025). No difference was found in the prevalence of the autoantibodies between the SLE and pSS groups. These results suggest that autoantibodies to Ro60 might play a pathogenic role in lymphopenia in both SLE and pSS, but the pathogenic mechanisms might differ.
INTRODUCTION
Antibodies against SSA/Ro have been found in connective tissue diseases such as Systemic lupus erythematosus (SLE), primary Sjögren's syndrome (pSS), and rheumatoid arthritis. The positive antibody rate to Ro in SLE and SS was reported to be 40-90 and 70-100%, which is in accordance with the various damages associated with these disorders (Yoshimi et al., 2012) . Its antigens included 60-and 52-kDa nucleoproteins. The ribonucleoprotein was composed of 60-kDa SSA/Ro (Ro60) and YRNA, which is present throughout the nucleus and cytoplasm of human tissue cells. Decreased lymphocyte cell (LC) counts were shown to be a common clinical finding in SLE and pSS, although the mechanism remained unclear. Ro60 has 20 epitopes, and synthetic epitopes showed similar antigenicity as the original (Huang et al., 1995; Scofield et al., 1997) . The autoantibodies against different epitopes might be associated with various types of clinical damage (Li et al., 2003) . In this study, the monoclonal immunotoxins (ITs) of three different epitopes of Ro60 were reacted with peripheral blood LCs from patients with SLE and pSS cultured in vitro, to investigate the possible role of the various epitopes of Ro60 autoantibodies in the decreased LC count in patients compared with healthy controls.
MATERIAL AND METHODS

Subjects
We selected 30 patients to participate in this study from the Rheumatology Department of the First Affiliated Hospital of Anhui Medical University from May 2012 to May 2013; all subjects were women. Subjects included 16 patients with SLE, diagnosed in accordance with the classification standard of SLE (Hochberg, 1997) ; patients with secondary Sjögren syndrome were excluded. The 14 patients with pSS were diagnosed in accordance with the classification standard of pSS (Vitali et al., 2002) . Patients in the SLE and pSS groups were aged 36.56 ± 8.03 and 34.71 ± 6.88 years, (P = 0.261), and the disease courses were 10.63 ± 5.39 and 14.00 ± 5.75 months (P = 0.108), respectively. The disease condition of all patients was at an active stage, and none had received glucocorticoid and immunosuppressive agent treatments. Antibodies against Ro60 were detected in all patients, and the absolute counts of peripheral blood LCs were all less than 1 x 10 9 /L; the absolute counts in the SLE and pSS groups were (0.66 ± 0.12) x 10 9 /L and (0.70 ± 0.16) x 10 9 /L, respectively (P = 0.511). Peripheral blood and clinical materials were collected from each subject. In addition, 10 healthy women aged 35.80 ± 8.16 years were selected as the control group. There was no difference in gender and age compared with two groups. This research program was approved by the clini-cal research Ethics Committee of the First Affiliated Hospital of Anhui Medical University. The written informed consent was obtained from all participants involved in this study.
Separation and cryopreservation of peripheral blood LCs
From each patient, 10 mL peripheral blood was collected in an ethylenediaminetetraacetic acid vacutainer, and was diluted with phosphate buffered saline (PBS) in the ratio of 1:1 at room temperature. The middle layer was collected by centrifugation (1500 rpm, 30 min) and was washed in PBS; the supernatant was discarded. RPMI 1640 medium was added to suspend the cells, and the supernatants from 2 subsequent centrifugations were discarded. The final pellet was suspended in RPMI-1640 liquid culture medium containing 5% dimethyl sulfoxide (DMSO) and 20% calf serum, and the cell consistency was adjusted to 5-10 x 10 7 /mL. Cells were cryopreserved using the following protocol: 30 min at 4°C, 2 h at -20°C, overnight at -80°C, followed by storage in liquid nitrogen.
Preparation of the different Ro60 epitope ITs
Peptides of three epitopes of Ro60: aa482-493 (Epitope1, E1), aa310-323 (E2), and aa230-241 (E3) were synthesized by a stepwise solid phase procedure on a phenylacetamidomethyl resin according to standard methods. A control dipeptide, biotin-Leu-Leu-OH, was also prepared and tested. The identity and purity of the peptides was confirmed by high performance liquid chromatography in the Peptide Synthesis Studio of the Academy of Military Sciences PLA, China. The cDNAs of three single-chain fragment V (ScFv) monoclonal antibodies were selected from the SSA/Ro phage display library (Zhou et al., 2003; Li et al., 2010) . The cDNAs of three ScFv monoclonal antibodies against the PE40 fragment cDNA of Pseudomonas aeruginosa exotoxin A (PE) were constructed by a gene recombination technique. We obtained three ScFv-PE40 cDNAs and transformant Origami bacteria (Novagen, USA). ScFv-PE40 protein was expressed in Origami which was then crushed ultrasonically and purified by NTA-Ni affinity column (Novagen, USA). Then the bifunctionality (antigen specific recognition and cytotoxicity) of each recombinant protein was confirmed (Shuai et al., 2008) . The Origami bacteria with the ScFv-PE40 cDNAs were cryopreserved at -80°C, and the ScFv-PE40 proteins (AE1, AE2, and AE3) were obtained prior to the cell culture experiments. Quantification of each protein, which had been sterilized by filter sterilization, was performed using the Bradford method (Bio-Rad protein quantification kit, Bio-Rad Laboratories, Berkeley, CA, USA), and then the proteins were cryopreserved at -80°C.
Detection of IT toxicity on LCs by the MTT method
Cryopreserved LCs were recovered at 40°C, and 10X volume of RPMI1640 medium was added to suspend the cells; the supernatant was discarded after each of 2 centrifugations (2000 rpm, 6 min). Cells were suspended in fresh RPMI1640 liquid culture medium containing 5% phytohaemagglutinin, 10% calf serum, 100 μg/mL streptomycin, and 100 μg/ mL penicillin, and cells were maintained at 37°C for 72 h in a humidified atmosphere of 5% CO 2 /95% air. LCs were collected, counted, and then detected by trypan blue staining. Cells were adjusted to a consistency of approximately 1 x 10 7 /mL; they then were plated on 24-well plates at 100 μL/well (1 x 10 6 cells), with 8 wells for each patient, and medium was added to 1 mL. Cells were maintained for 24 h, and then each of AE1, AE2, AE3, or albumin (ALB) 2 μg was added in 2 of the eight wells of each patient for another 24 h. Then 50 μL 5 mg/mL MTT was added in each well for 4 h, and the total culture medium of each well was collected. The supernatant was discarded after centrifugation at 2000 rpm for 10 min. Cells were suspended with 200 μL DMSO, and 200 μL PBS was added once the cells were completely dissolved. From this solution, 200 μL were added to 96-well plates, and the absorbance was measured at 495 nm. The average value was taken as the detection result.
Detection of serum autoantibodies to E1, E2, and E3 by ELISA
Aliquots (50 μL) of E1, E2, or E3 solution (100 μg/mL) were separately added to 96-well plates as coated antigen at 4°C overnight. Goat anti-human IgG (Sigma-Aldrich, St. Louis, MO, USA) conjugated with alkaline phosphatase was utilized as a secondary antibody (1:2000), and the method was performed in accordance with standard ELISA protocol. The detection value of the serum indices in 30 healthy controls (A405 means + 2 s) was used as the positive critical value.
Statistical analysis
Statistical analysis was performed using the SPSS version 19.0 software (SPSS, Chicago, IL, USA). Data are reported as means ± SE. The t-test was used to compare two groups. One-way ANOVA was used to compare three groups. Pearson correlation analysis was used to analyze the correlation. The χ
2 test was used to analyze the enumeration data. Differences at the level of P < 0.05 were considered to be statistically significant.
RESULTS
Comparison among different epitope ITs
The results of the toxicities observed for each group patient LCs treated with IT and ALB using the MTT method are shown in Table 1 . The Levene test revealed that the variance of the different indices of the same group and the same indices of different groups were homogeneous. It was suitable to use a one-way ANOVA. The results of different indices of the same group and the same indices of different groups are shown in Table 1 . Compared with ALB, the data revealed that the three ITs had some toxicity to the LCs of healthy controls. AE2 and AE3 showed significant toxicity to the LCs of pSS and SLE groups, respectively. △ the results of one-way ANOVA in the same indices; vs AE1: **0.01 ≤ P < 0.05, *P < 0.01; vs AE2:
## 0.01 ≤ P < 0.05, # P < 0.01; vs AE3: ※※ 0.01 ≤ P <0.05, ※ P < 0.01; vs SLE: ◇◇ 0.01 ≤ P < 0.05, ◇ P < 0.01; vs pSS: ◆◆ 0.01 ≤ P < 0.05, ◆ P < 0.01. SLE = systemic lupus erythematosus; pSS = primary Sjögren's syndrome; CT = control group; AE1-3 = autoantibody epitopes 1-3; IT = immunotoxin; ALB = albumin. 
Relationship between LC count and IT toxicity in patients
The correlations between the peripheral blood LC counts of patients with SLE and the cytotoxicity of different epitope ITs (A 495 value) as well as the correlations between those of patients with pSS were analyzed, and the results are shown in Table 2 . AE3 had significant correlation with the LC count in the SLE group, and there was a positive correlation between AE2 and the LC count in the pSS group. 
Detection of autoantibodies to the three epitopes in the peripheral blood of the 2 patient groups
The results of comparison of the three epitope (AE1, AE2, and AE3) autoantibody positive rates in patients with SLE and pSS are shown in Table 3 . There was no significant difference between the two groups in the positive rates of the three epitope autoantibodies.
DISCUSSION
LC decrease has been known to be a common feature in patients with SLE and pSS, and it also was a standard of SLE classification diagnosis (Hochberg, 1997) . The presence of this feature was important to note, as patients with LC decrease were likely to carry an infection; in addition, LC decrease hindered the clinical application of immunosuppressive therapy. The exact mechanism underlying the LC decrease was unclear, although various autoantibodies had been found in patients with SLE and pSS. One study revealed that the Ro antibody appeared in patients with SLE 3 to 4 months prior to diagnosis (Arbuckle et al., 2003) . BALB/c mice immunized with different degrees of oxidative modification of Ro60 (representing different epitopes modified) induced animals different spectrum of damages similar to that seen in patients with SLE and SS, which revealed that Ro60 autoantibodies might play an important role in the pathogenesis of the diseases and in the clinical damage seen in SLE and pSS (Kurien et al., 2011) . In addition, clinical research has shown that the LC decrease observed in patients with pSS was related to the presence of Ro autoantibodies (Yoshimi et al., 2012) . To investigate the possible role of autoantibodies to the various epitopes of Ro60 in the LC decrease in these different diseases, we selected Ro60 antibodies positive patients with SLE and pSS who exhibited LC decrease as subjects. We utilized an in vitro study to avoid the influence of other factors (including other autoantibodies) on the measurement indices that might occur in vivo.
ITs, also known as bispecific antibodies, have bifunctionality: i.e., antigen specific recognition and cytotoxicity, that was not only applicable to studies of targeted cancer therapy (Huang et al., 2012; Zhu et al., 2013) , but also to disease pathogenesis (Itoi, 2008; Nagai et al., 2010) . We generated ScFv monoclonal antibodies against three different epitopes of Ro60 as recombinant fusion proteins with PE40, which catalyzed the ADP-ribose of nicotinamide adenine dinucleotide transformation into protein translation prolonged factor2, thus preventing protein synthesis and leading to cell death (Armstrong and Merrill, 2004; Yates and Merrill, 2004) . The ScFv monoclonal antibodies combined with special epitopes in the LCs, leading to their death as measured by an MTT reduction assay which is a common assay for assessing cell viability (Huang et al., 2012; Zhu et al., 2013) .
Various factors have been shown to result in the abnormal expression of Ro antigens on the cell surface, and Reed et al. (2008 Reed et al. ( , 2010 held that LCs expressed different Ro60 apotopes. Furthermore, Kurien et al. (2012) found that a cross-antigenicity existed between Ro60 and spectrin. These results revealed that the LC membrane might express different Ro60 epitopes or have cross-antigenicity with other antigens.
In this study, the cell toxicity of ITs to LCs was determined by the degree of expression of relevant Ro60 epitopes in the LC membrane. Results showed that the three ITs promoted significant cell toxicity to the LCs of healthy controls compared to that produced by ALB. We conjectured that Ro antigen and/or other antigens with cross-antigenicity to Ro60 were expressed on the surface of normal or apoptotic LCs. Significant differences in the cytotoxicities of the LCs from patients with SLE and pSS compared to the controls were observed for the three ITs excluding AE1. AE2 and AE3 showed significant toxicity to pSS and LSE LCs, respectively, which was in accordance with the relative decreased LC count seen in each disorder. The results also suggested that two diseases expressed different Ro60 epitopes or had cross-antigenicity with different antigens. Further investigation of autoantibodies to the three epitopes in the two groups demonstrated that there was no difference in the positive rates. We therefore hypothesized that the LC decrease was not always influenced by the different distribution of antibodies in patients with SLE and pSS, but might be due to the difference in differential expression of the LC epitopes. Thus, the results of this study suggested that the LC decrease in patients with SLE and pSS is associated with Ro60 antibodies, but that the mechanisms of LC decrease in these two common autoimmune diseases are quite different.
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